Dandelion extract is a traditional Chinese medicine and contains significant nutritional value. The aim of this study was to research the optimum fermentation conditions for dandelion addition to plain yogurt using a single factor experiments and orthogonal experiment. The results of the present study demonstrated that the addition of dandelion extract affected the viscosity, water-holding capacity and pH of yogurt. Optimized conditions for dandelion addition to plain yogurt based on viscosity, incubation time, pH and sensory score were 10 % sucrose, 0.3 % of the starter cultures, incubation time of 6.5 hours and 3 % dandelion extract. A new kind of dandelion yogurt with high viscosity, good water-holding capacity and good taste was prepared in this study.
Introduction
Yogurt is a fermented milk product that has been used for thousands of years. It is a dairy product manufactured from milk fermented by Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus (Glibowski and Rybak, 2016) . It is considered by nutritionists to have a high nutritional value and positive bioactive effects. To satisfy consumer demands, a number of additional ingredients may be added to yogurt, including natural or artificial colors, sucrose or artificial sweeteners, texturizing agents (Sørensen et al., 2016) , prebiotic ingredients and probiotic bacteria (Oliveira et al., 2015) . In recent years, some vegetable (Kiros et al., 2016) and fruit preparations (Oliveira et al., 2015) along with plants extracts (Balthazar et Taraxacum officinale, known as the dandelion, is a member of the Asteraceae/Compositae family. It is a perennial herb that is inherent to the Northern hemisphere (You et al., 2010) . The dandelion plant has been used as a phytomedicine for its choleretic, diuretic, anti-rheumatic, anti-diabetic and anti-inflammatory properties (Wang, 2014) . Dandelion extract can alleviate high-fat diet-induced nonalcoholic fatty liver (Davaatseren et al., 2013) , can supply the antitumor effects of cancer cells with the presence of both luteolin and luteolin 7-glucoside (Hu and Kitts, 2003; Menke et al., 2015) and have antibacterial and antioxidant activities (Ghaima et al., 2013) . Dandelion extract is used by a traditional Chinese medicine. Despite the significant nutritional value assured by the present flavonoids, cinnamic acids and coumarins (Williams et al.,1996) , it is rarely used as a food. A mixture of yogurt and dandelion extract is a rich, nutritional healthy beverage.
Dandelion yogurt is a suitable drink for people of all ages. This drink provides more choices for consumers and also supports the use of Chinese herbal medicines in the dairy industry.
The aim of this paper was to study the effects of dandelion extract on the viscosity, water-holding capacity and pH of yogurt and to improve yogurt parameters made from milk by mixing dandelion extract.
Materials and Methods

Materials
Dried dandelion was purchased from a pharmacy in Harbin (China). Fresh milk (3 % protein) and sucrose were purchased from a market in Harbin (China). Yogurt Starter cultures were purchased from Harbin Meihua Biotechnology (Harbin, China).
Preparation of the dandelion extracts and yogurt
The preparation of the dandelion extract was performed according to a method previously described with modifications (You et al., 2010) . The dried dandelion was extracted 16 times with distilled water for 5 min at 100 °C, and the extracted solution was then filtered.
Set yogurt was prepared using a previously published method with modifications (Miocinovic et al., 2016) . The milk was heat-treated (95 °C, 5 min), cooled to 43 °C. After cooling, the dandelion extract and starter cultures were added into the milk. After incubation the samples were kept at 4 °C until further analysis.
Experimental design
The amount of sucrose (8 %, 10 %, 12 %), starter cultures (0.1 %, 0.2 %), incubation time (5.5 h, 6 h, 6.5 h) and dandelion extract (1 %, 2 %, 3 %) were studied by a single factor experiments. The level of sucrose, the starter cultures, incubation time and dandelion extract in orthogonal experiment were shown in Table 1 .
Viscosity of the yogurt
The apparent viscosity of the samples was recorded at a shear rate of 6 rpm using a NDJ-5S digital rotational viscometer (Shanghai, China), and the viscosity was expressed in mPa s.
Water-holding capacity of the yogurt
The water-holding capacity of the yogurt was determined by a procedure developed by Keogh Water holding capacity was calculated according to the equation (1):
where W presents mass of the precipitation and Y presents mass of analyzed yogurt.
pH of the yogurt
The pH of the yogurt was determined using a PHM220 pH meter (Radiometer analytical, France).
Sensory evaluation
The sensory evaluation of yogurt samples was performed by a method of adjustment (Staffolo et al., 2004; Hekmat and Reid, 2006) . Yogurt samples were presented to 10 members. Sensory analysis approach was used to determine consumer acceptability. Color, flavor, taste and texture were analyzed. The hedonic scale varied from 25 (like very much) to 1 (dislike).
Statistical analyses
The experiment was repeated three times. The average, and the standard deviation was calculated. All of the analyses were carried out using the SPSS.17 software (SPSS, Inc., Chicago, IL, USA). 
Results
Effects of sucrose on yogurt parameters
As presented in Table 2 , sucrose had a significant influence on yogurt parameters. The viscosity, water-holding capacity and pH of yogurt containing 8 % sucrose were 317.33 mPas, 33.72 % and 5.43, respectively. The viscosity increased along with the increase in sucrose concentration, but the waterholding capacity and pH decreased as the concentration of the sucrose increased. These pH results did not agree with the results reported by Slocum et al. (1988) for yogurt containing sucrose. They found that the addition of sucrose decreased the acid production by the microorganisms in yogurt. That phenomenon might be due to the high concentration of sucrose (15 %) used in their study (Slocum et al., 1988) .
Effects of the amount of the starter cultures on yogurt parameters
The effects of the starter culture amount on viscosity, water-holding capacity and pH were reported in Table 3 .
As shown in Table 3 , the viscosity of yogurt with 0.2 % of the starter cultures were higher than the corresponding values for yogurt containing 0.1 % of the starter cultures. The pH of all of the yogurt samples decreased after fermentation.
The pH of the yogurt with 0.2 % of the starter cultures was 4.56. A similar result was observed for yogurt samples prepared by the Lactobacillus plantarum WCFS1 culture, resulting in an average pH value of 4.5±0.1 at the end of fermentation (Settachaimongkon et al., 2016) . The addition of 0.2 % of the starter cultures was efficient in lowering pH to a value below 4.6 at which caseins aggregate (Settachaimongkon et al., 2014) . Therefore, the appropriate amount of the starter cultures was 0.2 %.
Effects of the amount of dandelion extract on yogurt parameters
The viscosity, pH and water holding capacity of yogurt with different amounts of dandelion extract were determined. The data was listed in Table 4 .
As shown in Table 4 , yogurt manufactured with addition of 2 % dandelion extract had the highest viscosity and the lowest pH. This may be because of the nutritional components that were extracted from dandelion. Every 100 g of dry dandelion contain 15.48 g of protein and 695 mg of Ca (Escudero et al., 2003) along with higher levels of carbohydrates (77.35 g) and total sugars (6.53 g) (Dias et al., 2014) . Research showed that the water-holding capacity was increased by adding polysaccharide stabilizers, which interact with the casein network (Everett and McL eod, 2005). Yogurt Table 2 . Effects of sucrose on the yogurt parameters Table 3 . Effects of the amount of starter cultures on yogurt parameters Water-holding capacity and pH of yogurt manufactured with 3 % dandelion extract were very close to 1 % dandelion extract, viscosity was even lower than 1 % dandelion. These phenomena may be due to the fact that the addition of 3 % dandelion extract probably brought more antibacterial substances and water into the system. Wang also reported that the water-soluble polysaccharides in dandelion have antibacterial activity (Wang, 2014) . The increase of antibacterial substances inhibited the growth of starter cultures, and the increase of water may affected the viscosity and water-holding capacity of yogurt.
Effects of time on the yogurt parameters
The incubation time significantly influenced yogurt parameters. The yogurt samples fermented at 43 °C for 5.5 h lacked yogurt flavor but the yogurt samples fermented at 43 °C for 6.5 h formed a lot of separated whey.
Different raw materials added into yogurt might have changed incubation times of yogurt, as Bansal et al. (2016) found that incubation at 38 °C for 12 h was optimal for peanut yogurt preparation.
Orthogonal design experiment
In this study, the experiments were based on an orthogonal design, L9 (3 4 ), where the following four factors were analyzed: the sucrose concentration (A), starter culture concentration (B), incubation time (C) and dandelion extract concentration (D). Three levels were chosen for each factor in the experiment ( Table 1) . The results were shown in Table  5 . The average responses for the individual factors at different levels were calculated and used to evaluate the efficiency and to optimize the experimental conditions (Wu et al., 2012) . As seen in Fig 1, the optimum condition with the highest viscosity value was A2B3C3D3, which corresponded to 10 % sucrose, 0.3 % of the starter cultures, a 6.5 h incubation time, and 3 % dandelion extract. The ranges (R) of factors A -D were 850, 1471.3, 988.9 and 651, respectively (Table 5) . Thus, the order of influence on the viscosity was: starter cultures > incubation time > sucrose > dandelion extract. The order of influence on the water holding capacity of yogurt was: sucrose > incubation time > starter cultures > dandelion extract, based on their roles in the R values degree (Table 5 ). The optimum condition was A3B2C3D3, which corresponded to 12% sucrose, 0.2 % of the starter cultures, a 6.5 h incubation time, and 3 % dandelion extract.
As seen from the results in Table 5 , the influence of pH on yogurt is in the order of: B > C > A > D, according to the R values. The optimum combination for the lowest pH was: 12 % sucrose (A3), 0.3 % of the starter cultures (B3), a 6.5 h incubation time, (C3) and 3 % dandelion extract (D3). Table 6 . Sensory evaluation A confirmation experiment was performed by analyzing A2B3C3D3, A3B2C3D3 and A3B3C3D3. The A2B3C3D3 combination for yogurt was found to have the best sensory scores ( Table 6 ). The A2B3C3D3 had a light dandelion flavor, moderate acidity, good taste, while the other two products lack of dandelion flavor and good taste.
Conclusions
The aim of this study was to examine the effect of adding dandelion extract on the viscosity, waterholding capacity and pH of plain yogurt and thus to increase the functional properties of yogurt made from milk by mixing dandelion extracts for production of the new functional product. We determined that the optimum conditions for yogurt preparation were: 10 % sucrose, 0.3 % of the starter cultures, a 6.5 h incubation time and 3 % dandelion extract. A new kind of dandelion yogurt with high viscosity, good water-holding capacity and good taste was prepared in this study. 
Sažetak
Ekstrakt maslačka je tradicionalni kineski lijek, a također ima i značajnu nutritivnu vrijednost. Cilj ovog istraživanja bio je ispitati optimalne uvjete fermentacije za dodavanje maslačka u jogurt korištenjem pojedinih faktorskih eksperimenata i ortogonalnog eksperimenta. Rezultati ove studije pokazali su da dodavanje ekstrakta maslačaka utječe na viskoznost, sposobnost zadržavanja vode i pH jogurta. Optimalni uvjeti za dodavanje maslačka u jogurt na temelju viskoznosti, vremena inkubacije, pH i senzorskog rezultata bili su 10 % saharoze, 0,3 % starter kulture, vrijeme inkubacije od 6,5 sati i dodatak 3 % ekstrakta maslačka. U ovoj studiji pripremljena je nova vrsta jogurta s dodatkom maslačka karakteriziranog visokom viskoznošću, dobrom sposobnošću zadržavanja vode i dobrim okusom.
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